Recently, an extension of the standard model based on ideas of Lee and Wick has been discussed.
In a recent paper [1] , ideas proposed by Lee and Wick [2, 3] were used to extend the standard model so that it does not contain quadratic divergences in the Higgs mass. Higher derivative kinetic terms for each of the standard model fields were added which improve the convergence of Feynman diagrams and give rise to a theory in which there are no quadratically divergent radiative corrections to the Higgs mass. The higher derivative terms induce new poles in the propagators of standard model fields which are interpreted as massive resonances. These resonances have wrong-sign kinetic terms which naively give rise to unacceptable instabilities. Lee and Wick propose altering the energy integrations in the definition of Feynman amplitudes so that the exponential growth does not occur. It appears that this can be done order by order in perturbation theory 1 in a way which preserves unitarity.
However, there is acausal behavior due to this deformation of the contour of integration.
Physically this acausality is associated with the future boundary condition needed to forbid the exponentially growing modes. As long as the masses and widths of the LW-resonances are large enough, this acausality does not manifest itself on macroscopic scales and is not in conflict with experiment. The proposal to use Lee-Wick theory for the Higgs sector of the standard model was first presented in [7] .
The massive resonances associated with the higher derivative terms in Lee-Wick theories have unusual properties. For example, they correspond to poles on the physical sheet in scattering amplitudes. At the LHC, we may well discover new resonances, and it would be interesting to determine whether they are of normal or Lee-Wick type. This issue has recently been discussed in [8] .
In the minimal standard model the fermions get their masses through Yukawa couplings to the Higgs doublet. Gauge invariance forbids traditional mass terms. These Yukawa couplings do not give mass to the left handed neutrinos. To describe neutrino masses, one picture for the generation of neutrino masses is known as the see-saw mechanism [9] .
Since the generation structure and the quarks are not the focus of this paper, let us simplify the notation by just considering a single standard model generation of leptons containing the left handed doublet denoted by L and the right handed singlet e R . Adding the right handed neutrino ν R , the lepton sector of the standard model has Lagrange density,
It was pointed out in [10] that the Feynman diagram in Fig. 1 gives a contribution to the mass term for the Higgs doublet that is quadratically divergent. If one uses dimensional regularization, which throws away quadratic divergences, there is still a finite correction
which is large compared to the physical mass squared of the Higgs boson if m R 10 7
GeV [10] . This is a manifestation of the hierarchy problem. In this paper we show that if one used the LW-standard model this does not occur. Even though the right handed neutrinos are very heavy the higher derivative kinetic terms for the standard model fields are powerful enough to prevent the Higgs mass squared from getting a radiative correction that is proportional to m 2 R . For simplicity, we gauge only SU(2) W so there is one set of gauge bosons,Â A µ . The LWstandard model can be formulated either as a higher derivative theory, or as a theory without higher derivatives but with auxiliary LW-fields. For the purposes of the present discussion, it is convenient to work with the higher derivative version of the theory. To emphasize that this is the LW-extended model, the fields with higher derivative kinetic terms are denoted by the presence of a hat. In this simplified version of the LW standard model the Lagrangian density is,
Note that we have not added any higher derivative terms for the right handed neutrino.
Calculating the diagram in Fig. 1 in the LW-standard model and using a momentum cutoff Λ to regularize the ultraviolet divergence we find (neglecting the Lee-Wick mass parameter M L in comparison with m R and Λ) that,
This leads to acceptably small corrections to the Higgs mass if g Y M L 10 TeV. 2 Thus, we have shown that, at one loop order, the Higgs mass is not destabilized by the presence of the right handed neutrino. To go further, we will establish a power counting argument which shows that the divergence in the Higgs mass squared is at most logarithmic to all orders of perturbation theory. This is sufficient to show that there are no large finite corrections to the Higgs mass since we take m R of order the cutoff in our power counting.
To construct a perturbative power counting argument that shows to all orders in perturbation theory there is no quadratic divergence in the Higgs doublet mass term, we must fix a gauge in the higher derivative theory. We choose to add a covariant gauge fixing term −(∂ µÂ Aµ ) 2 /2ξ to the Lagrange density and introduce Faddeev-Popov ghosts that couple to the gauge bosons in the usual way. Then the propagator for the gauge field iŝ
We work in Landau gauge, ξ = 0, where the gauge boson propagator scales as p 
We can simplify this expression using some identities. First, the number of loops is related to the total number of propagators and vertices by
while the total number of lines entering or leaving the vertices is related to the number of propagators and external lines by
where E is the number of external scalars. Finally, we have the additional relations,
With these identities in hand, we may express the superficial degree of divergence as We have shown that in at least one case it is possible to couple LW-standard model fields to degrees of freedom that are much heavier and still preserve the stability of the Higgs mass. Furthermore this case is well motivated by the observed neutrino masses. However, this result is not true in general. Suppose, for example, there was a very heavy complex (normal) scalar S. An interaction term of the type L int = gĤ †Ĥ S † S would lead to a large contribution to the Higgs boson mass. However, consider coupling the Higgs to a gauge singlet scalarŜ which has a higher derivative term in its Lagrange density:
Then theŜ propagator is given bŷ
If we take the mass parameter M to be large, as in the case of the scalar S, and choose the mass parameter m to be of order of the weak scale, then the radiative corrections to the Higgs mass are still small despite the presence of the large scale M. The scalarŜ has unusual properties: for example, from the location of the poles in its propagator, one can see that it has a tree-level width which is large compared to its mass. We have not studied the consistency of this approach in detail.
In summary, we have shown in this paper that it is possible to couple the Lee-Wick standard model to physics at a much higher scale without destabilizing the Higgs mass. One of the best motivated examples of high scale physics is provided by experimental information on neutrino masses, and we find that the Lee-Wick standard model can easily be extended to incorporate a heavy right-handed neutrino without reintroducing fine tuning of the Higgs mass. In addition, we have briefly described a scenario in which more general physics can be coupled to the Lee-Wick standard model while maintaining a naturally light Higgs.
